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Atmosphere Virtual Lab

e Continuation and evolution of the ESA Atmospheric Toolbox

ATMOSPHERIC
TOOLBOX
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Atmosphere Virtual Lab

* Atmospheric Toolbox consists of:
« CODA - file reading library/tools supporting large variety of data formats
« HARP - library/tools for easy ingestion, data comparison, regridding, etc.
« QDOAS - DOAS retrieval application

* VISAN — desktop application for visualisation

* See also presentation on ESA Atmospheric Toolbox (ATS) at the first EarthCARE
validation workshop (13 June 2018)

https.//atmospherictoolbox.org
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Atmosphere Virtual Lab

* Focus in AVL project is on bringing the tools to cloud platforms
(e.g. DIAS, Exploitation Platforms)

* Most cloud platforms focus on Python and Notebooks for interactive analysis
* Also allow running AVL standalone on local computers
« Solution will be based on JupyterLab

« Use what is already there (numpy, matplotlib, cartopy, plotly, etc.)

* Improve/extend python interfaces for CODA/HARP/QDOAS

* Improve interactive geographical plots for atmospheric data
(replace VISAN as main visualisation environment)

* Project result will be software that can be deployed in exploitation platforms;
AVL is not a cloud service itself
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Atmosphere Virtual Lab

» Besides the Lab environment, the AVL project also covers:
e support for new missions such as EarthCARE

« Create publicly available Use Cases and Examples

* Project only started recently

* No support for EarthCARE yet, but coming soon
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Atmosphere Virtual Lab

* Most important component for validation community is HARP

harpdump harpcollocate
IDL

R Python Matlab

interface interface interface

interface
harpmerge harpcheck

HARP C library

Unit Derived

Ingestion modules: conversion variables
Sentinel 5P, OMI/TES/MLS/HIRDLS, GOME-2/IASI,
GOMOS/MIPAS/SCIAMACHY, GOSAT, Odin/OSIRIS,

Atmospheric CCl, CAMS, NDACC, ...

Collocation

Import/

Filtering Regridding Export
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Atmosphere Virtual Lab

 HARP is not just software, but also a set of conventions:
* simple data structure like netcdf (product with variables; no grouping)
« global attributes, variable attributes

« similar/complementary to e.g. netCDF-CF, but not fully compatible (CF couples
dimensions to coordinate variables; HARP keeps these fully separate)

 variable naming convention
« similar things should be named similarly
« different things should be named differently

 measurements from different instruments or different retrieval algorithms
belong in different files (allows use of same variable name)
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Atmosphere Virtual Lab

[1]: dimport harp
product = harp.import_product("S5P_OFFL_L2__CLOUD__20210521T144947_20210521T163117_18674_01_020104_20210523T074128.nc")
print(product)

source product = 'S5P_OFFL_L2__CLOUD__20210521T144947_20210521T163117_18674_01_020104_20210523T074128.nc"'

int scan_subindex {time=1877400}

double datetime_start {time=1877400} [seconds since 2010-01-01]
float datetime_length [s]

int orbit_index

long validity {time=1877400}

float latitude {time=1877400} [degree_north]

float longitude {time=1877400} [degree_east]

float latitude_bounds {time=1877400, 4} [degree_north]
float longitude_bounds {time=1877400, 4} [degree_east]
float sensor_latitude {time=1877400} [degree_north]
float sensor_longitude {time=1877400} [degree_east]
float sensor_altitude {time=1877400} [m]

float solar_zenith_angle {time=1877400} [degree]

float solar_azimuth_angle {time=1877400} [degree]

float sensor_zenith_angle {time=1877400} [degree]

float sensor_azimuth_angle {time=1877400} [degree]

float cloud_fraction {time=1877400} []

float cloud_fraction_uncertainty {time=1877400} []

byte cloud_fraction_validity {time=1877400}

float cloud_fraction_apriori {time=1877400} []

float cloud_base_pressure {time=1877400} [Pa]

float cloud_base_pressure_uncertainty {time=1877400} [Pa]
float cloud_base_height {time=1877400} [m]

float cloud_base_height_uncertainty {time=1877400} [m]
float cloud_top_pressure {time=1877400} [Pa]

float cloud_top_pressure_uncertainty {time=1877400} [Pal
float cloud_top_height {time=1877400} [m]

float cloud_top_height_uncertainty {time=1877400} [m]
float cloud_top_temperature {time=1877400} [K]

float cloud_optical_depth {time=1877400} [m]

float cloud_optical_depth_uncertainty {time=1877400} [m]
byte cloud_type {time=1877400}

float surface_albedo {time=1877400} []

float surface_albedo_uncertainty {time=1877400} []

float surface_altitude {time=1877400} [m]

float surface_altitude_uncertainty {time=1877400} [m]
float surface_pressure {time=1877400} [Pal

float surface_meridional_wind_velocity {time=1877400} [m/s]
float surface_zonal_wind_velocity {time=1877400} [m/s]
byte snow_ice_type {time=1877400}

float sea_ice_fraction {time=1877400} []

long index {time=1877400} 8
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Atmosphere Virtual Lab

 HARP variable naming convention
* Already proper distinction for e.g.:

* densities (total column, partial column profile, concentration profile)
 number density vs. mass density (also for mixing ratios)
* total air mixing ratios vs. dry air mixing ratios

* Variables names are generic, and sometimes differ from domain specific terms.
* e.g. avertical ‘water path’ would become a ‘column density’.

 Cloud/Aerosol domain still work in progress. Complicated due to water

phases (vapor, liquid, ice), precipitation types, cloud phases, aerosol
types/sizes, etc.

http.//stcorp.github.io/harp/doc/html/conventions/index.html
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Atmosphere Virtual Lab

« HARP operations
« filtering
« derivations
 vertical regridding
* binning
« spatial binning
* applying averaging kernels

* Operations are provided as a *;’ separated string parameter during ingestion of a
file:

product = harp.import_product("S5P_OFFL_L2__CLOUD__20210521T144947_20210521T163117_18674_01_020104_20210523T074128.nc",
"cloud_fraction_validity>75; latitude>=0; latitude<=50; keep(latitude, longitude, cloud_top_height);"
"derive(cloud_top_height [km])")
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Atmosphere Virtual Lab

Collocation workflow with HARP:

$ harpcollocate -d 'datetime 12 [h]' -d 'point_distance 500 [km]' -ny point_distance

-nx datetime .../sat_data_dir .../ref_data_dir collocations.csv

$ harpmerge -a 'collocate_left("collocations.csv")' .../sat_data_dir sat_data.nc

$ harpmerge -a 'collocate_right("collocations.csv")' .../ref data_dir ref _data.nc

You can then further manipulate the data (e.g. smoothing, profile -> column, ...)

$ harpconvert —a '....."' data.nc data_modified.nc
or:

>>> harp.import_product('data.nc’, '.....")
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Atmosphere Virtual Lab

* Upcoming support for EarthCARE:

Ingestion support for all L2A and L2B products (main variables only)
http.//stcorp.qgithub.io/harp/doc/html/ingestions/index.html

Ingestion support for reference data (e.g. EVDC, GEOMS, cloudnet, ...)
Review/adapt HARP conventions for cloud/aerosol

Improve/revise HARP operations for cloud/aerosol domain

Support EarthCARE with AVL visualisation functions
Publish Use Cases / Examples for handling EarthCARE data with AVL/HARP
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Atmosphere Virtual Lab

o] o Gl < 0 L )] mpc-vdaf-server.tropomi.eu s ® ﬂj ar [{j ® ® Gl < 0 [ ) global-evaluation.atmosphere.copernicus.eu g ® ﬂj + [C]

DATA  ABOUT US  WHAT WE DO

w Select dat -
TROPOMI elect date range e

Sentinel-5P product types

% Sentinel-5P MPC Validation Server VDAF Website

Home Select date range ~

Validations against reference data are available for the following S5P product types.

Evaluation of global forecasts

L2__CH4___ (CH4 total column)

Evaluations of the CAMS global forecasting system using independent observations are available for the following quantities.
L2__CLOUD_ (Cloud)

Aerosol
L2__CO (CO total column)

CH4 (Methane)
L2__HCHO__ (HCHO)

CO (Carbon Monoxide)
L2__NO2___ (NO2)

CO2 (Carbon Dioxide)
L2__ 03 (O3 total column)

H20 (Water Vapour)
L2__0O3_TCL (O3 tropospheric column)

HCHO (Formaldehyde)

Netherlands _ _— ~4 . /\ i Qh s[&]t

NILU NO (Nitrogen Monoxide)

it B

NO2 (Nitrogen Dioxide)

03 (Ozone)
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Atmosphere Virtual Lab

HARP is used in many operational services already:

(e} e M < 0O 0 @ & maps.s5p-pal.com o ® [1] + O

Copernicus Sentinel-5P Mapping Portal

Copernicus Sentinel-5P Tropospheric Nitrogen Dioxide

Maps of tropospheric NO, concentrations averaged over 14 days

+ Sentinel-5P tropospheric NO2: 11 - 24 May 2021

eve M <« 0O 0 @ ) developers.google.com 2 oM + §

Earth Engine Data Catalog Q search engish 3

Home View all datasets Browse by tags Landsat MODIS Sentinel API Docs

Sentinel-5P OFFL NO2: Offline Nitrogen Dioxide A

Dataset Availability

2018-06-28T10:24:07 - 2021-05-15T00:00:00
Dataset Provider

European Union/ESA/Copernicus
Earth Engine Snippet

ee.ImageCollection(“"COPERNICUS/SS5P/OFFL/L3_NO2")

@z
Tags
tropomi no2 nitrogen-dioxide pollution air-quality eu
esa copernicus sentinel sSp knm
Troposphenc NO_ (mobm)
] [ © 3 ] B Sontrbulons 10DB. Sontinel datay S5P-PA
T ‘ S Description Bands Image Properties Terms of Use
< 11-05-2021-24-05-2021 > 0 B
This online platform uses data from the Copernicus Sentinel-5P satellite and shows the averaged nitrogen dioxide concentrations across the OFFL/L3 NO2
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— Il b= == + 11 =E = 111l o = = & Il — == SIS = am Il
2
1 - - — s = e BN @ | 1] + S 3 | * THE EUROPEAN SPACE AGENCY




Atmosphere Virtual Lab

© e M <« O 0 evdc.esa.int J ®© M + ©

evdc | eésa

Search Satellite Data '

Register to search our archive of satellite data products, download and process them in the cloud using HARP tools from ESA Atmospheric Toolbox. Hover over form fields to
» see more information about query parameters, Use map to select point or area of interest. The search results can be saved and stored for further processing

tellite Search Form Select Point or Polygon

Satellite

+]

Instrument - ~
Timeliness : ‘

Product Type R —— v

-]

Processor - R
Version

Start date 01/01/2021

Leaflet | © Mapbox

ap Improve this map

End date 18/05/2021

Longitude

Latitude
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Atmosphere Virtual Lab

@ @ M < 0 L )] & forum.atmospherictoolbox.org s [L + O
Atmospheric Toolbox ®
all categories » | all tags » Latest Unread (1) Top Bookmarks = + New Topic
Uncategorized 32 Harp.Variable dimensions 3

Topics that don't need a category, or don't fit into any other @Y ®HARP python

existing category.
Cannot keep non-existent variable . 0

CODA 1 B HARP sentinel-5p, python

Discussions about the CODA software: support, examples,

development ideas, etc ModuleNotFoundError: No module named 1
‘vtkmodules’ and launch problems

HARP VISAN

Discussions about the HARP software: support, examples,

development ideas, etc.

VISAN 12 .

Discussions about the VISAN software: support, examples,
development ideas, etc

QDOAS 1 o

Discussions about the QDOAS software: support, examples,
development ideas, etc.

Site Feedback 0

Discussion about this site, its organization, how it works, and
how we can improve it . . i P a

https://forum.atmospherictoolbox.org
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